PATENT ABSTRACTS OF JAPAN 



(ll)Publication number : 07-247941 
(43)Date of publication of application : 26.09.1995 

(51) Int. CI. F02M 69/00 



F02M 69/32 
F02D 35/00 
F02M 69/04 



(21) Application number : 06-041344 (71) Applicant : TOYOTA MOTOR CORP 

(22) Date of filing : 11.03.1994 (72) Inventor : HOSHI KOICHI 

(54) FUEL INJECTION DEVICE OF INTERNAL COMBUSTION ENGINE 




(57) Abstract : 

PURPOSE: To suppress the reverse flow of the intake and the in-flow of 
the fuel into an air assist passage by controlling a closing valve in a 
passage open to the atmosphere which opens the downstream of a control 
valve of the air assist passage to the atmosphere so as to be open when 
the pressure increase in the downstream of a throttle valve exceeds the 
prescribed value. 

CONSTITUTION: An assist air chamber is provided with a fitting part of a 
fuel injection valve 11 arranged on intake manifold 5, and atomizes the 
injected fuel by providing the assist air into a fuel passage of the 
fuel injection valve 11, The assist air is supplied from a low pressure 



chamber 13c of a bypass control valve 13 arranged outside a surge tank 8 
through a connecting pipe 15, and the flow rate is controlled by driving 
first and second valves 13d, 13f by an actuator 13g. A passage 16 open 
to the atmosphere which opens the connecting pipe to the upstream of a 
throttle valve 9 of an intake passage 10 is connected to the connecting 
pipe 15 by interposing a closing valve 17, and the closing valve 17 is 
opened when the intake pressure exceeds the prescribed value. 
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CLAIMS 



[Claim(s) ] 

[Claim 1] The air assistant path which is open for free passage the 
throttle-valve upstream of an inhalation-of-air path, and near the 



nozzle hole of the fuel injection valve arranged on the throttle-valve 
lower stream of a river of said inhalation-of-air path, The control 
valve for being arranged at said air assistant path and controlling the 
amount of assistant air, The atmospheric-air disconnection path which 
opens said control valve downstream of said air assistant path to 
atmospheric air, The fuel injection equipment of the internal combustion 
engine characterized by providing the closeout valve arranged at said 
atmospheric-air disconnection path, and the first control means which 
makes said closeout valve open when the pressure buildup of the 
throttle-valve downstream of said inhalation-of-air path becomes beyond 
a predetermined value. 

[Claim 2] Furthermore, the fuel injection equipment of the internal 
combustion engine according to claim 1 characterized by providing the 
second control means which makes said closeout valve open at the time of 
a fuel cut. 

[Claim 3] The air assistant path which is open for free passage the 

throttle-valve upstream of an inhalation-of-air path, and near the 
nozzle hole of the fuel injection valve arranged on the throttle-valve 
lower stream of a river of said inhalation-of-air path, The control 
valve for being arranged at said air assistant path and controlling the 
amount of assistant air, The atmospheric-air disconnection path which 
opens said control valve downstream of said air assistant path to 
atmospheric air. The fuel injection equipment of the internal combustion 
engine characterized by providing the closeout valve arranged at said 
atmospheric-air disconnection path, and the third control means which 
makes said closeout valve open when the pressure of the throttle-valve 
downstream of said inhalation-of-air path turns into more than a 
predetermined pressure. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[industrial Application] Especially this invention relates to the fuel 
injection equipment of the internal combustion engine to which the air 
assistant path for supplying assistant air near the nozzle hole of a 
fuel injection valve is connected, in order to make atomization of the 
injected fuel good. 
[0002] 

[Description of the Prior Art] Such an internal combustion engine' s fuel 
injection equipment has already become well-known, for example, the 
upstream of an air assistant path is connected to JP, 4-295178, A for the 
throttle-valve upstream of an inhalation-of-air path through a control 
valve, and the fuel injection equipment which has differential pressure 
type air assistant equipment which supplies assistant air near the 
nozzle hole of a fuel injection valve is indicated using the 
differential pressure generated between the upstream of a throttle valve, 
and a lower stream of a river. In this differential pressure type air 
assistant equipment, the amount of assistant air is adjusted by the 
above-mentioned control valve, and the inspired air volume needed in 
each engine operational status is supplied into a cylinder together with 
the inhalation of air supplied through a throttle valve. 
[0003] 

[Problem (s) to be Solved by the Invention] In order for an inhalation- 
of-air path to pass a lot of inhalation of air at the time of an engine 
heavy load etc. , while the cross section is enlarged comparatively, in 
order that [ of such an air assistant path ] especially the control 
valve downstream may raise the rate of flow of assistant air, the cross 
section is comparatively small. Although the pressure of the throttle- 
valve downstream of an inhalation-of-air path will rise quickly and 
atmospheric pressure will be approached if whenever [ throttle valve- 
opening ] increases rapidly like [ at the time of engine sudden 
acceleration ] by that cause Even if the opening of a control valve 
increases rapidly in connection with it, the control valve downstream of 
an air assistant path Since it is maintained for a while with negative 
pressure, inhalation of air flows backwards from the inhalation-of-air 
path of the throttle-valve downstream to an air assistant path by the 
meantime, and some injected fuels It flows into an air assistant path 
with this inhalation of air that flows backwards, and while the air-fuel 
ratio at this time serves as Lean from a request value and an output 



declines, the exhaust gas clarification engine performance in a three 

way catalytic converter gets worse. 

[0004] Therefore, the object of this invention is offering the fuel 
injection equipment of the internal combustion engine which can reduce 
the inflow of the fuel accompanying a back run and it of the inhalation 
of air to the air assistant path which possesses air assistant 
differential pressure-type equipment and is generated at the time of a 
sudden rise of the pressure of the throttle-valve downstream of an 
inhalation-of-air path. 
[0005] 

[Means for Solving the Problem] The fuel injection equipment of the 
first internal combustion engine by this invention The air assistant 
path which is open for free passage the throttle-valve upstream of an 
inhalation-of-air path, and near the nozzle hole of the fuel injection 
valve arranged on the throttle-valve lower stream of a river of said 
inhalation-of-air path. The control valve for being arranged at said air 
assistant path and controlling the amount of assistant air. It is 
characterized by providing the atmospheric-air disconnection path which 
opens said control valve downstream of said air assistant path to 
atmospheric air, the closeout valve arranged at said atmospheric-air 
disconnection path, and the first control means which makes said 
closeout valve open when the pressure buildup of the throttle-valve 
downstream of said inhalation-of-air path becomes beyond a predetermined 
value. 

[0006] The fuel injection equipment of the second internal combustion 
engine by this invention is characterized by providing further the 
second control means which makes said closeout valve open at the time of 
a fuel cut in the first above-mentioned internal combustion engine' s 
fuel injection equipment. 

[0007] The fuel injection equipment of the third internal combustion 
engine by this invention The air assistant path which is open for free 
passage the throttle-valve upstream of an inhalation-of-air path, and 
near the nozzle hole of the fuel injection valve arranged on the 
throttle-valve lower stream of a river of said inhalation-of-air path. 
The control valve for being arranged at said air assistant path and 
controlling the amount of assistant air. It is characterized by 
providing the atmospheric-air disconnection path which opens said 
control valve downstream of said air assistant path to atmospheric air, 
the closeout valve arranged at said atmospheric-air disconnection path, 
and the third control means which makes said closeout valve open when 
the pressure of the throttle-valve downstream of said inhalation-of-air 



path turns into more than a predetermined pressure. 
[0008] 

[Function] The air assistant path where the first above-mentioned 
internal combustion engine' s fuel injection equipment is open for free 
passage the throttle-valve upstream of an inhalation-of-air path, and 
near [ which have been arranged on the throttle-valve lower stream of a 
river of an inhalation-of-air path ] the nozzle hole of a fuel injection 
valve, The control valve for being arranged at an air assistant path and 
controlling the amount of assistant air, Have the atmospheric-air 
disconnection path which opens the control valve downstream of an air 
assistant path to atmospheric air, and the closeout valve arranged at 
the atmospheric-air disconnection path, and when the pressure buildup of 
the throttle-valve downstream of an inhalation-of-air path becomes 
beyond a predetermined value about a closeout valve, in order to open, 
the first control means At this time, the pressure of the control valve 
downstream of an air assistant path rises to atmospheric pressure 
quickly. 

[0009] Moreover, in the first above-mentioned internal combustion 
engine' s fuel injection equipment, at this time, the pressure of the 
control valve downstream of an air assistant path is quick, and the 
second above-mentioned internal combustion engine' s fuel injection 
equipment goes up to atmospheric pressure, in order for the second 
control means to make a closeout valve open at the time of a fuel cut. 
[0010] Moreover, the third above-mentioned internal combustion engine' s 
fuel injection equipment The air assistant path which is open for free 
passage the throttle-valve upstream of an inhalation-of-air path, and 
near the nozzle hole of the fuel injection valve arranged on the 
throttle-valve lower stream of a river of an inhalation-of-air path. The 
control valve for being arranged at an air assistant path and 
controlling the amount of assistant air, Have the atmospheric-air 
disconnection path which opens the control valve downstream of an air 
assistant path to atmospheric air, and the closeout valve arranged at 
the atmospheric-air disconnection path, and when the pressure of the 
throttle-valve downstream of an inhalation-of-air path turns into more 
than a predetermined pressure in a closeout valve, in order to open, the 
third control means At this time, the pressure of the control valve 
downstream of an air assistant path rises to atmospheric pressure 
quickly. 
[0011] 

[Example] Drawing 1 is an internal combustion engine' s outline sectional 
view in which the fuel injection equipment of the first example by this 



invention was attached. As for a combustion chamber and 2, in this 
drawing, 1 is [ a piston and 3 ] ignition plugs. The exhaust manifold 7 
leads [ the inlet manifold 5 ] to the combustion chamber 1 through the 
exhaust valve 6 again through the inlet valve 4. The inlet manifold 5 
for every cylinder has the comparatively big cross-sectional area in 
order to pass a lot of inhalation of air at the time of an engine heavy 
load, and it joins in a surge tank 8, and the inhalation-of-air path 10 
common to each cylinder where the throttle valve 9 has been arranged is 
connected to the upstream. The fuel injection valve 11 is arranged at 
each inlet manifold 5. 12 in drawing is a crankcase emission control 
system for returning the blow-by gas drawn into a cam cover from a crank 
case to a surge tank. 

[0012] Drawing 2 is the sectional view of a fuel injection valve 11. The 
adapter 50 is attached in the point as shown in this drawing. Two fuel 
paths 50a and 50b which extend to an adapter front end side, and at 
least two free passage ways 50c and 50d which are open for free passage 
from an adapter side face near the fuel injection valve nozzle hole of 
each fuel paths 50a and 50b are formed in that direction of fuel 
injection from two nozzle holes of a fuel injection valve 11 at this 
adapter 50. The air assistant room 51 is established in the 
circumference of an adapter side face, and the assistant air offered 
there is supplied to each fuel paths 50a and 50b through the free 
passage ways 50c and 50d, atomizes the fuel injected by the fuel 
injection valve 11 good in the installation section of a fuel injection 
valve 11, and emits to it from an adapter front end side. 
[0013] The bypass-control valve 13 is arranged on the outside of return 
and a surge tank 8 at drawing 1 . In this bypass-control valve 13, it is 
divided into a septum by 13a at hyperbaric-chamber 13b of the upstream, 
and low-pressure-chamber 13c of the downstream, hyperbaric-chamber 13b 
and a surge tank 8 are opened for free passage through the 13d of the 
1st valve element, and hyperbaric-chamber 13b and low-pressure-chamber 
13c are opened for free passage through the 13f of the 2nd valve element 
arranged on same valve-stem as 13d of 1st valve element 13e. 13g is an 
actuator for operating through valve-stem 13e in the 13d of the 1st 
valve element, and the 13f of the 2nd valve element. Hyperbaric-chamber 
13b is connected to the throttle-valve 9 upstream of the inhalation-of- 
air path 10 by the 1st communication trunk 14, and low-pressure-chamber 
13c is connected to the air assistant room 51 by the 2nd communication 
trunk 15. 

[0014] Moreover, the atmospheric-air disconnection path 16 for opening 
it to the throttle-valve 9 upstream of the inhalation-of-air path 10, 



i. e. , atmospheric air, is connected to the 2nd communication trunk 15, 
and the closeout valve 17 is arranged at this atmospheric-air 
disconnection path 16. 

[0015] The opening of the 13d of the 1st valve element in the above- 
mentioned bypass-control valve 13 and the 13f of the 2nd valve element 
changes, as those configurations show to drawing 3 according to the 
amount of displacement of valve-stem 13e. drawing 3 — setting — a 
continuous line — the opening of the 13f of the 2nd valve element — it 
is — this opening — valve-stem 13e — predetermined — a variation 
rate — when reaching an amount A, it is opened fully, and it increases 
from a close by-pass bulb completely linearly by the meantime, moreover, 
a dotted line — the opening of the 13d of the 1st valve element — it 
is — this opening — valve-stem 13e — predetermined — a variation 
rate — it is still a close by-pass bulb completely until it reaches an 
amount A, and it increases from a close by-pass bulb completely linearly 
to full admission after that. 

[0016] Thus, the 13f of the 2nd valve element is usually selectively 
opened at the time of operation, therefore the 13d of the 1st valve 
element is made into a close by-pass bulb completely, it supplies 
assistant air near the nozzle hole of a fuel injection valve 11 through 
the 2nd communication trunk 15 by the differential pressure between the 
upstream of a throttle valve 9, and a lower stream of a river, and the 
constituted bypass-control valve 13 promotes the atomization of the 
injected fuel. This 2nd communication trunk 15 has the comparatively 
small cross section, in order to bring forward the rate of flow of the 
assistant air which passes along it. moreover, in order to stabilize 
combustion and to realize early warming up at the time of idle operation 
between the colds, in case a rotational frequency is raised While having 
to increase the quantity of inspired air volume to some extent with a 
fuel as compared with the time of idle operation between **, opening the 
13f of the 2nd valve element fully at this time and increasing the 
amount of assistant air The inhalation of air which the 13d of the 1st 
valve element is furthermore also opened, and bypasses a throttle valve 
9 is supplied to a surge tank 8. 

[0017] While 20 takes charge of control of such a general bypass-control 
valve 13 In order to be the control unit which takes charge of closing 
motion control of the closeout valve 17 arranged at the above-mentioned 
atmospheric-air disconnection path 16 and to detect engine operational 
status The revolution sensor for detecting the air flow meter (not 
shown) for detecting an inhalation air content, and an engine rotational 
frequency (not shown). The pressure-sensor 23 grade for detecting the 



pressure in a sensor 22 and an inlet manifold 5 whenever [ for detecting 
the cooling coolant temperature sensor 21 for detecting cooling water 
temperature as engine temperature and the opening of a throttle valve 9 
/ throttle valve-opening ] is connected. Drawing 4 is the 1st flow chart 
for closing motion control of this closeout valve 17. This flow chart is 
performed for whenever [ predetermined crank angle / every ]. 
[0018] In step 101, a sensor 24 detects [ whenever / throttle valve- 
opening ] theta 1 whenever [ current throttle valve-opening ] first. 
Next, in step 102, theta 2 is subtracted from this value theta 1 
whenever [ last throttle valve-opening ], augend deltatheta is computed 
whenever [ throttle valve-opening ], and it is judged in step 103 
whether this deltatheta is more than the specified quantity A. 
[0019] Since it is immediately after initiation of this flow chart at 
the engine idle time, it is denied and this decision progresses to step 
104, and clausilium of the closeout valve 17 is carried out, it is 
memorized as theta 2 whenever [ this throttle valve-opening ] in step 
106 for next processing of theta 1, and is ended at the beginning. On 
the other hand, if whenever [ for sudden acceleration / throttle valve- 
opening ] increases rapidly during engine operation, the decision in 
step 103 will be affirmed, it will progress to step 105, and the 
closeout valve 17 will be opened. 

[0020] While the pressure in the inlet manifold 5 which has the 
comparatively big cross section will rise quickly and atmospheric 
pressure will be approached if whenever [ throttle valve-opening ] 
increases rapidly like [ at the time of engine sudden acceleration ] 
since the fuel injection equipment possessing common differential 
pressure type air assistant equipment does not have such an atmospheric- 
air disconnection path 16, the pressure in the 2nd communication trunk 
15 which has the comparatively small cross section is maintained for a 
while whenever [ throttle valve-opening ] by the negative pressure 
before rapid increase. Therefore, at this time, since inhalation of air 
flows backwards into the 2nd communication trunk 15 from an inlet 
manifold 5, some fuels injected in connection with it flow into the 2nd 
communication trunk 15 and need fuel quantity is not supplied to a 
combustion chamber 1, the air-fuel ratio at this time serves as Lean 
from a request value, and while an output declines, the exhaust gas 
clarification engine performance in the three way catalytic converter 
(not shown) of the exhaust-manifold 7 downstream gets worse. 
[0021] However, since the closeout valve 17 is opened and the 2nd 
communication trunk 15 is opened by the atmospheric-air disconnection 
path 16 at atmospheric pressure when whenever [ throttle valve-opening ] 



increases rapidly in this way, the fuel injection equipment of this 
example Go up quickly like [ the pressure in this 2nd communication 
trunk 15 ] an inlet manifold 5, and atmospheric pressure is approached. 
The inflow of the fuel accompanying the above-mentioned inhalation-of- 
air back run into the 2nd communication trunk 15 generated by these 
pressure differentials and it is prevented, and can solve the problem of 
aggravation of loss of power and exhaust air emission. 
[0022] In the conventional configuration, when whenever [ throttle 
valve-opening ] increases rapidly, the thing of the bypass-control valve 
13 for which the 13f of especially the 2nd valve element is rapidly 
considered as full admission is also considered, but generally, since 
comparatively long time amount is needed for fluctuating the opening of 
a valve element substantially, the above-mentioned problem so then still 
generates 13g of driving gears of the bypass-control valve 13 which 
enables the above fine adjustment. 

[0023] In this example, the pressure in the 2nd communication trunk 15 

can be raised still better by adding opening control of such a bypass- 
control valve 13. Furthermore, the atmospheric-air disconnection path 16 
has that desirable in which it is [ communication trunk / 15 / 2nd ] 
more desirable to connect with the downstream if possible and to have 
the comparatively big cross section, and the closeout valve 17 of the 
atmospheric-air disconnection path 16 has the outstanding responsibility 
to the full admission from a close by-pass bulb completely at least. 
Moreover, in the 1st flow chart, although augend was used for closing 
motion control of the closeout valve 17 whenever [ throttle valve- 
opening ], only when the pressure in the direct inlet manifold 5 is 
detected and the amount of lifting deltap becomes beyond the 
predetermined value B with a pressure sensor 23, of course, even if it 
opens the closeout valve 17, the same effectiveness can be acquired. 
[0024] Drawing 5 is the 2nd flow chart for another closing motion 
control of the above-mentioned closeout valve 17. The difference from 
the 1st flow chart is that the closeout valve 17 is opened, also when 
step 204 which judges activation of a fuel cut is added and the fuel cut 
is performed. A fuel cut suspends fuel injection for the purpose of fuel 
economy at the time of an engine sudden slowdown as generally known. 
[0025] Including the time of an engine sudden slowdown, when whenever 
[ throttle valve-opening ] is small, the pressure in an inlet manifold 5 
declines considerably, and big negative pressure generates it. In such a 
case, becomes [ the bottom of the oil by which the lubricating oil of 
an inlet valve 4 is consumed by burning in leakage and a combustion 
chamber 1 in an inlet manifold 5 through a valve guide ] remarkable. 



Since according to the 2nd flow chart the inside of the 2nd 
communication trunk 15 is opened by the atmospheric-air disconnection 
path 16 at atmospheric pressure during the fuel cut which does not 
produce a problem especially even if it makes inspired air volume 
increase, a lot of assistant air is supplied in an inlet manifold 5 
through the 2nd communication trunk 15 at this time, the pressure of its 
inside is raised, and the bottom of the oil at this time can control 
[0026] Moreover, even if a fuel flows into the 2nd communication trunk 
15 at the time of the sudden acceleration before this sudden slowdown, 
these assistant air of a lot of can discharge this fuel certainly into 
an inlet manifold 5, can prevent the corrosion of the 2nd communication 
trunk 15 by the fuel, further, can fully cool a fuel injection valve 11, 
and can prevent evaporation of the fuel within a fuel injection valve 11. 
[0027] Drawing 6 is an internal combustion engine's outline sectional 
view in which the fuel injection equipment of the second example by this 
invention was attached. Only the difference from the first example is 
explained below. In this example, closeout valve 17' of a differential 
pressure type is arranged at atmospheric-air disconnection path 16' . If 
as for this closeout valve 17' the pressure of the throttle-valve 9 
upstream of the inhalation-of-air path 10 acts on one of diaphram 17' a 
of these, the pressure in a surge tank 8 acts on another side and both 
differential pressure becomes smaller than the thrust of spring member 
17' b at it, diaphram 17' a will be deformed by spring member 17' b, valve 
element 17' c attached in it will be opened, and atmospheric-air 
disconnection path 16' will be opened. 

[0028] Therefore, if the pressure of the throttle-valve 9 upstream of 
the inhalation-of-air path 10 is atmospheric pressure and it thinks that 
it is almost fixed By closeout valve 17' being opened when the pressure 
in a surge tank 8, i. e. , the pressure in an inlet manifold 5, becomes 
beyond a predetermined value, and choosing this predetermined value as 
application The 2nd communication trunk 15 is opened during engine 
sudden acceleration to atmospheric air, and can solve the above- 
mentioned problem as well as the first example to it. 
[0029] Since this example is automatically opened and closed without 
closeout valve 17' ' s needing a control unit If throttle-valve 9 opening 
increases and the pressure in an inlet manifold 5 exceeds a 
predetermined value even if it is not at the engine sudden acceleration 
time while being able to simplify structure as compared with the first 
example The 2nd communication trunk 15 will be opened by atmospheric air, 
and at this time, a lot of assistant air is supplied near the nozzle 
hole of a fuel injection valve 11, and can raise the atomization of a 



fuel. 

[0030] In two examples, although the upstream of the atmospheric-air 
disconnection path 16 and 16' is connected to the throttle-valve 9 
upstream of the inhalation-of-air path 10, if an air cleaner is formed 
uniquely, opening to direct atmospheric air is also possible. 
[0031] 

[Effect of the Invention] Thus, according to the fuel injection 
equipment of the first internal combustion engine by this invention The 
air assistant path which is open for free passage the throttle-valve 
upstream of an inhalation-of-air path, and near the nozzle hole of the 
fuel injection valve arranged on the throttle-valve lower stream of a 
river of an inhalation-of-air path. The control valve for being arranged 
at an air assistant path and controlling the amount of assistant air. 
Have the atmospheric-air disconnection path which opens the control 
valve downstream of an air assistant path to atmospheric air, and the 
closeout valve arranged at the atmospheric-air disconnection path, and 
when the pressure buildup of the throttle-valve downstream of an 
inhalation-of-air path becomes beyond a predetermined value about a 
closeout valve, in order to open, the first control means At this time, 
the pressure of the control valve downstream of an air assistant path 
rises to atmospheric pressure quickly, the pressure differential between 
the throttle-valve downstream of an inhalation-of-air path becomes small, 
and the back run of the inhalation of air to an air assistant path and 
the inflow of a fuel are controlled, and can realize a desired air-fuel 
ratio. 

[0032] Moreover, in order for the second control means to make a 
closeout valve open in the first above-mentioned internal combustion 
engine' s fuel injection equipment at the time of a fuel cut according to 
the fuel injection equipment of the second internal combustion engine by 
this invention In addition to the effectiveness of the first internal 
combustion engine' s fuel injection equipment, the pressure of the 
control valve downstream of an air assistant path rises to atmospheric 
pressure quickly during the fuel cut with the throttle valve near a 
close by-pass bulb completely. A lot of assistant air is supplied to the 
throttle-valve downstream of an inhalation-of-air path, that pressure is 
raised, and the bottom of the oil at this time can control 
[0033] Moreover, the air assistant path which is open for free passage 
the throttle-valve upstream of an inhalation-of-air path, and near the 
nozzle hole of the fuel injection valve arranged on the throttle-valve 
lower stream of a river of an inhalation-of-air path according to the 
fuel injection equipment of the third internal combustion engine by this 



invention, The control valve for being arranged at an air assistant path 
and controlling the amount of assistant air, Have the atmospheric-air 
disconnection path which opens the control valve downstream of an air 
assistant path to atmospheric air, and the closeout valve arranged at 
the atmospheric-air disconnection path, and when the pressure of the 
throttle-valve downstream of an inhalation-of-air path turns into more 
than a predetermined pressure in a closeout valve, in order to open, the 
third control means The pressure of the control valve downstream of an 
air assistant path rises to atmospheric pressure quickly at the time of 
engine sudden acceleration etc. , the pressure differential between the 
throttle-valve downstream of an inhalation-of-air path becomes small, 
and the back run of the inhalation of air to an air assistant path and 
the inflow of a fuel are controlled, and can realize a desired air-fuel 
ratio. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is an internal combustion engine's outline sectional view 
in which the fuel injection equipment of the first example by this 
invention was attached. 

[Drawing 2] It is the expanded sectional view of a fuel injection valve. 
[Drawing 3] It is drawing explaining the opening of two valve elements 

of a bypass-control valve. 

[Drawing 4] It is the 1st flow chart for closing motion control of a 
closeout valve. 

[Drawing 5] It is the 2nd flow chart for opening control of a closeout 
valve. 

[Drawing 6] It is an internal combustion engine' s outline sectional view 



in which the fuel injection equipment of the second example by this 
invention was attached. 
[Description of Notations] 

I — Combustion chamber 

4 — Inlet valve 

5 — Inlet manifold 

8 — Surge tank 

9 — Throttle valve 

II — Fuel injection valve 

13 — Bypass-control valve 

14 — The 1st communication trunk 

15 — The 2nd communication trunk 

16 16' — Atmospheric-air disconnection path 

17 17' — Closeout valve 
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[Drawing 2] 




50q ^50b 



50 a. 50b-ISai*4iil* 




[Drawing 4] 



Q 1 ffi^^^±^ 
\ 



^e— 01-82 



104' 




-101 
-102 



YES 



105 















1 






02 01 



[Drawing 5] 
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[Drawing 6] 
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1 1 »a« 

i3-/t-m:it(a*^ 
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(2) 

1 

□ffi^Sfc^iiat- ^xTy->xhaKt, wgBxrT-> 
xhaKtcigBsn. Tv-xhxTa^fflwrsfcidco 

h Jl/^TStM® ffi*d¥;f :tl±:^ Ji(± i: 7S -5 Bf MS5:$ -a- 
[0 0 0 1] 

v-X hXTSrft^-r^fcfeCDXTTv'X hSJSiO^^igS 
[0 0 0 2] 

(Cd>ft]i:35:oT*5D, #rjS¥4-2 9 5 1 7 8 

XTTvXhfiSSO-t»J&MW#&^L 

T®^as!&oxp-j/ ^J^^±^?f^^raiKL., XDyh;i/^ 

lt*CD*Pie^fcTi^X hxTS:tt^-r-5^ffi^X7T 
>-X h»«^WT^M«|ifg«dSM*5nTti5. :i 
CD^ffSlXTTi'XhSSt-^ViT. 7'>XhXTStt 

So 

[0 0 0 3] 

m;^i:<©#S«KftS:aja$itSfcS&(C, ^©ifSa 
*tit«JW;^€r<Sn-5-;&T, ;i(7)J;5;ftXTT>'Xh 
a?S®#fcSiJffll#Tatfi!l»> Ti-X hXTO?5giasSi* 

J: 0 , «!IBi«iSDMIi#0<i: 3 lex d h ;P^?MM;5^mit 50 
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2 

itfisnxt). xTT->xhass»M«#TWMK> b 
;i^#TflKffloK^aK*^e.xrTv'X vwisk^m.m'm. 
icxT7->x h-aK-vfiiEXL, ^(Dn<D-^m'^imm.m. 

A-iS'-!?o»«:)(fxi^^t:ttlB7jJ»tt-So 
[0 0 0 4] ^oT. *5gBJC0gW«. ^EiCcoxTT 
vXhgS^^ffib, ®masScDxa>:; h;i/^Ti^flacD 

[0 0 0 5] 

9f#cDiSP3ff^t^aa-r.2)XT7'>xhaKi:. «rta 

XTTv-X haKlcEBSn, Tv-XhXTSSMWT 

*ffExrr->x haK®«rS3fw«# 

TSStJ5^±»-vl845:-r^±^M«taiJSi> t(fBS;^»M*[ 
ai&tcBBSStl&^M^fct. mltaiSM#^H«IBffi^a8§ 

[0 0 0 6] i^wm.i,^-m-<Dnmm(Dm^mMm 

[0 0 0 7] *fS?(i(c<i:smH©rtM5l<7?^i|sf««S 

{Stt, K^aBSoxD-yhji/^iMflj^iweiR^aKw 

saaf sxTTv-xhassa:. HfriBxTTv-xhass 

caHg$n> Tv'X hX7»2:MWT-5rcfe<D$iJ«^ 
t9iaxTT->Xha8&®tfieW«^TSSM*;*:«'\ 

tmm^h. HfiBaE3m^fSHfrtB®maii§®XD>y h;i.^ 

[0 0 0 8] 

ai&cDx p >y N;p#±aEffliit®^ai&©XD >y h;p^T 
iSfcaHH$nfcjssj|sfi«st#»i«pj£*^tS)ga-r-5xT 

TvXhaSSi:, XTTv-XhaKtCgHBSn. Tv-X 
hX7aSrfiJ«-r.Sfci*(DM«#t, X77->XhaS& 
®M«i^PTJtflilS;*:^'vMMT5;»:^M^aKt, ;*:«t 

M*!ca!SfcgHB$nfcMM#i:**L, ^-fflW^g 
P^«^S®^aif|cDXn>y b;i.^TBitfi!l©£h:^±# 
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(3) 

3 

[0 0 0 9] MiSom-coi^M^McoraetfS 
[0 0 10] Sfc, mrKli«^Ho«aMco»i«MS 

'>x vm^oyfm^ymm^±%-^mm-^±9mim 

M«#K*^\ Iflm^^K^figg^x □ >y h;i/#T^«0 

iEE(c±#-rso 

[0 0 11] 

0(;*5ViT> lum.!^^. 2»tfXhX 3tt;±C^:/^ 

ssfcttx P 9 iiimw^nit^m^nmnmm 

Kl 0*t»^$nTt/^^o ^®;avx4^;i/H-5[ctt«i(sf 
ifi#t#l ijS^'iHBSnTl'^-So |g|+12tt, ^=yy^^ 30 

•So 

[0 0 12] ii2[«j4«tt^i i®»fsia-r*§o m 
m\z7B-r^o\z. ^(D^mmzur^zf^ 5 Qtfim^¥[ 

CD - -3 CD * □ e> ^cD (t T y M«B ^ 

mffi-r^--:3CD*EM?S 5 0 a. 5 0 b T^-^^ 

rnmn^ ^^mmm^^Q 3., sob cD^w«#t^« □ m. 

mzmM-tZ>'P-1S.<ii%—^O:)mM^^0c, SOdt 4!? 
TyT'^WHEOtCXTTfyxh^S Id^'^ltSn. 

cifca^snsTv-x hxT*t, aai&s o c, sod 

tL-StVX^mWM^^ 0 a, 5 0 btC«f&*n. *K!|Sf« 

»t#i i\zi:.r)m.m^n^mPt^§m\zw&.i\i\^x7^ 
[0 0 13] mwzmx). ^-p*'y^s<D9\-m\z\i. 

m/tX»iffll#l 3;^|tiam;$nTV>5„ ^COmnxM 
1 3 f*g(J, mmz 13a lC<fcoT±i^fla©i«£E^ 1 
3 b t.-rmm<D'&SfM l 3 c ^tC^J-SHStl, m l 50 
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4 

3 d S/^bTie5ffS 13b t-9— >'5'>i' 8 td^iias 
n, ^ 1 1 3 d t 1 3 e ±KBa«:Snfcll 

2 1 3 f SrfM^TffJIS 1 3 b tffiffi^ 1 3 c tiO* 
aaStlTV^^, ISgtt. #ttl 3 eS^UT»l# 
#:l 3dS:t;rm2##:l 3 f ^f/mt^fzHbor ^ 
X-^'TfeS. jiSffiSl 3 bliUlffiMWl 4iCj;-DT 

^Mass 1 0 ©xn >y h)v^ 9 ±git{ij{cjtM$n, ffiji 

m.1 3 c«ai2Si^Wl 5(C<fcoTXTy->Xh^5 1 

[0 0 14] ^fc. ii2SiBH«i 5tcK, ^n^Ksta 

^fcfe®:;«c^MMfSi 6*ss^sn. ::cD±^MJ!ta 
^ 1 6 1 7 ASBBS^nrvi^, 

[0 0 15] tajSCDAM/'^XSJW#l 3{r^lt^*gl# 
#:i 3dRy;^2##:l 3 fcDH««. •^tie.OJg^^C 
<toT^P«l 3 e®SSS(CiSi;T03{CS5;-r2:i<^ 

#:l 3 f ®MJSTa.D, ^ICOMMa:. #Wl3e*t0f^ 
1 3 dwMft-cabO. z.<DmM\t. ^mi 3 e*t0ffelg 
[0 0 16] C®j:'5C«f3c3n?S:A''f;iX«f»^Fl 3 

ai^s«Btfc*5v>T, ig2##:i 3 ftit^^mzm 

^-^TlSl^pft:! 3 d«^Mtan. xn-yh 
^l'^ 9 ©±^i:Tffii©P^©^E(C<fco -C^ 2 mim 1 

5 Sr:^^LTj6!S!|^l«|^# 1 1 CDeaJS^tdTv-X hxTS: 

TV-iSo ;i CD^ 2 tt^^ 1 5 (S, ^n^aSTJ'XhX 

i\:^^^-mmm^m.m.t^tzmzM^W[.^M^:tmz 
\t. mnb.pi\zwm.m^u.fi[7-i Y^)vmm.mz\tmh 

#1 3 f d«^ffi$nTT->xbxTfi&*iiin-r5t* 

\z. S5.!c«l^#:i 3 d'bM^SnTXa-y h;V#9 
[0 0 17] 2 0tl, 2:C!)±5!4— JKSfli'i/NW/IXWfll 

^ 1 3 (DMWsfiSf^ mm<D±mmwLm'^ i 

6 (caHS$n:rcH^# 1 7 ©MHti^srfisr^fflffli* 

<£«m-r^fc45oxT7n-^-3? (HSia-T) , «IM 

iHiiEissi^fflf ^;^cJ?)®iie-fe>it (Es^-B-T) , mm 

1, xn>y h;i/#9©M«<£«^mT5fc»®XDy h;i/ 

#Bift-fe>Ht2 2. m.mr7-^^)vv-^p^<D}^i]^m&i-t 
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(4) 

5 

[0 0 18] *-rXx5'7'l 0 1 fc*5ViT, T^U-jhJV 
S«^mf^. J*:lCX-r>y7'l 0 2tC*5ViT, il©fi6> 1 

So 

[0 0 19] ^^D-g^^'-hcoMS^H^^fi^Mr-r H 10 

1 0 4 tcS^, MM^f 1 7 «Bfl^$n, 7.^v 1 0 

1 0 5 1 7 «H*^ns, 

[0 0 2 0] -JKWi*ME5?;XTTv-Xhg«Saffi-r 

TsUy v}v^msM.miemoi^mzv\tf> < mn-^ 

mm^i cp^^^mmmv. ^mzm-^mm-^nrzm 

mMi^miii-^nfSi^-^^itiz, :i(om(o^mmmm.m 

^y)v->tf3:K). iiimmyr^tmzmm.-^=:it^)i 

[0 0 2 1] Ln-^h. :$immm<Dimm.mm9\-i, uro 

± 5 tcx n -y h)i^m^f)i^m-r^m. rmm 1 7 *tr^ 

#$nTM2»Ml=l 5 :!5S:^^p|SraS& 1 6tj;tpT± 

5 t|Bl«|fcfg#<±#LT:*:affitCje 

;in6®E*^tcJ:<9^^-rs®2asS«i 5f^ 

^omm(Dm^mmRz^^niz^ommomx\m±-^ 
[0 0 2 2] ^^e*co«fie(c*v^T, xn-v 

Miif -SSt. AM/^X^HWl^l 3(Z)!t#(C^2##:l 3 f 

[0 0 2 3] :^mmm\Z^\^^X. Z.(D^^Wt^ n7.m 
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6 

\z. iz%mW.W^ \ 6tt. miW^i 5<D1^^^<T 

Sfc, Sll 7n-^V-hfc:feViT. BB«^17®MK 

^, ffi*-fe>-tJ-2 3ICj;-:3Tit»KM-r-:<ix;PF5l^® 

\z-Knmmifi T^m^-r^i^^^zhx^mmumMt: 

^^z.tTi^x^^. 

[0 0 2 4] H5tJ, mmomm^l 7<D%o—::}<Dm 
MftlJ«®fc*&®^2 7D-?^-hT^*<, II17D- 

•$nx\^>^mizhmm^i 7tm^-^n^^tx$)^. 
m^mmmzmnmm^mthxmmmm^»±-r^ 

[0 0 2 5] tSMSlM3tWfS:-&«bXD<y 

X±^UM&ii^?t^-r^o z.<D^6^m^iz\t. ©St* 

(rsn. mmmi[fixmmhxmm-^n?>:t'i)VT-^^n 

±m.mizm-ML~&n^ittb\z. z.(Dm\zm2mm'^i 5^ 
:^^bT^i©T>'X hxT*«®^-7x:!iN;p H 5 m\z^m 

[0 0 2 6] Sfc, CW^MOZv-X hXTta, C©:fe 

mm&.wi(DMi!Dmm\zm 2 sskw 1 5 i^^^EfcjjRJiEt**?^ 

«s»(c<fc-5ig2»^*i 5(Dm^^m±-r^:iti)i 

T^, 3 etc, j^i^i«W^ll£+^i-|C^^LTTOig 

w# 1 1 [^x(Dmn<Dmt^m±-r^ z. t^sr^s. 

[0 0 2 7] m6\t. *^H^tcJ:^m-*ffi«s|ott«« 

WSB*^*5( f5 Hii^^nt:Lp^mmm(nmmmmmxs>^, 
^-mmmt<Dm^^iz-z>^^x(D^mzmm-r^o 

*i7' /!>?ia«snTv^5o ;i©M^^f=i7' ■?■© 

^^-f-^75Ai7' a©— :&ic©ts,a^i 0©xn.;/ h 
<Dl£t)ifii^mV. W#©^)5tn*g|5|J 1 7 ' b®ffi£ 

17' btCckoTSj^^nr. ^ntcB50#itsn:fe# 

#17' c*tM#3n> ;*;^MmKl 6' 

^^oIZT^-dX^^^o 
[0 0 2 8] U^X. ©mfilfSl 0©Xn-y h;i/^9± 
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(5) 

7 

[0 0 2 9] **js^j(j, mm^i 7' f}mmmm^'ii- 

[0 0 3 0] --3(Dim«(C45l'>T. ;^^IB*5:a?§l 
6 . 16' CD±«t#JtiSi^fi8S 1 0 CDX D h;P# 9 ± 

[0 0 3 1] 

mmift^mL. m-Mm^mti\ mmif^m.%m^<D 

m^t^Tcmz. I^OBtfcXTTv-X h-®SSOfflW#T 

mm(Dmtii}m^<i<im±iz±mLx. ®aas&®xa jo 

[0 0 3 2] Sfc. *igBJ|cJ;§m-©««il©«» 
«CDS4*(Cj[l^T. XP>y h;V#;55^H(C3ftV573.-X 
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[0 0 3 3] *^BJtCi5mH®««M©TO 

i«*fSMtc<fctiti. KftMS&oxa>y h;i/#ii^#Ji;K 
^aK®XD5/ h;P#TaE(cEiBSnfc«Ks|sfiR|^#(Dijt 

□ jE^tSaaT-2)XT7>'Xha?&i, XTTi'Xh 
aHlcEM^n, Tv-X hxT«^M1Bl-r«fc*0M« 
^t. X7T>'Xhai8&«a«l^Tz^tfiiJ€:^^'xBgft-r 

s;*c«i8j*a8S^:. izmmmmmzw^-^nitmrn-^ii 

;k*TeK#J® E;'j*^*Fif feJE:^ 1 7S: -g) Bt tc MIS[-r § 

^\z. mmMi»mnm\zx7r>'7.hm^(Dmm^ywL 
h )v^-rmm t<D^(D\±.-f]mm'^^ xr t v-x 

m 1 ] ifmn\zi:.^^-mmm(r)m\mMmm.imx) 
[02] w^mm^<n^mmm^-$>^. 

[03] A'i'/1XfMI9#CD^^®##:©Maf*SiW-r5 
[04] ^«#©MlflfttJ«®fcJ6©^17D-5^^-h 
[0 5] H«l#®M««WW®fc®©^2:7D-^^-h 

[0 6] i^^m\z^^'mxmmm(Dmv,mmm.m.mmx) 

4-®«^ 

9---XU-/ 
1 i-immi^ 

1 3-A-f/tX«W# 
1 4-®lg^« 
1 5-m2W^ 

16, 16' •••::*:5CMtta?^ 

17. 17' 
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